Abstract Although the fecal immunochemical test (FIT) has recently emerged as an effective and affordable colorectal cancer screening option, many family physician offices continue to use guaiac-based tests. The purpose of this study was to assess the use of FITs in the Iowa Research Network and to assess physicians' knowledge about FITs. A cover letter and questionnaire were faxed twice to the 291 physician members followed up by a mailing. One hundred and seven (37 %) questionnaires were returned. Participants' mean age was 55 years with 78 male responders. Fifty-two (49 %) of the physician's offices were in a nonmetro area. Fifty-one (49 %) reported using guaiac-based tests and 39 (39 %) reported using FITs. Many physicians were unsure of the answers for the FIT knowledge questions. FIT use is not widespread in Iowa Research Network physician offices, and not all physicians are aware of the type of fecal occult blood test being conducted in their office.
The fecal occult blood test is a relatively inexpensive method for conducting colorectal cancer (CRC) screening. Guaiac-based tests or fecal immunochemical tests (FITs) are the two types of available fecal occult blood tests. The U.S. Preventive Services Task Force suggests one acceptable screening strategy is annual screening with a sensitive fecal occult blood test, reserving colonoscopy for those with positive tests or at high risk for colon cancer [1] . Guaiac-based tests were introduced in the early 1900s [2] , and Medicare began reimbursement for the tests in 1998. The FIT was developed in the 1970s [3] , with Centers for Medicare and Medicaid Services initiating reimbursement in 2004.
CRC is the second [4] leading cause of cancer death in the USA, yet it is estimated that 60 % of colorectal cancer cases could be prevented with appropriate screening [5] . CRC screening allows for the detection and treatment of precancerous polyps and cancer in its earliest stages, which results in high cure rates. However, despite available tests, over one third of adults 50 and older are not adherent with CRC screening guidelines [6] .
Guaiac-based tests are noticeably different from FITs. The main difference between the two is in the performance characteristics. The FIT detects the globin molecules in hemoglobin, rather than the heme molecule assayed by guaiac-based tests [7] . FIT is highly specific for occult lower gastrointestinal bleeding, as globin is largely degraded by upper gastrointestinal enzymes [7] . Adherence with FITs is generally higher than adherence to guaiac-based fecal occult blood tests [8, 9] .
In a recent study comparing the Beckman Coulter Hemoccult ICT FIT with a guaiac-based test, results indicated that the FIT had higher sensitivity and specificity for detecting left-sided colorectal cancer and concluded that the FIT may be a useful replacement for guaiac-based tests [10] . Using three stool samples, the automated FIT (OC-SENSA MICRO) has shown better performance characteristics than guaiac-based (Beckman Coulter Hemoccult II) tests for detecting advanced colorectal neoplasia [7] . The guaiacbased test sensitivity and specificity were 14/92 % for detecting advanced adenomas, 31/92 % for cancer, and 17/ 93 % for advanced colorectal neoplasm, compared to FIT sensitivity and specificity at 34/91 % for detecting advanced adenomas, 85/90 % for cancer, and 44/92 % for advanced colorectal neoplasm [7] .
Findings from 1,266 physicians responding to the 2006-2007 National Survey of Primary Care Physicians' Recommendation and Practices for Breast, Cervical, Colorectal, and Lung Cancer Screening indicated that 80 % recommend fecal occult blood testing [11] . Among those 1,134 primary care physicians who reported ordering or performing fecal occult blood testing in the 2006-2007 survey, 22 % used the higher sensitivity guaiac tests and 9 % used fecal immunochemical tests [12] . Although the FIT has recently emerged as an effective and affordable CRC screening option, many family physician offices continue to use guaiac-based tests. The purpose of this study was to assess the use of FITs in the Iowa Research Network (IRENE) offices and to assess physicians' knowledge about FITs. IRENE is a primary care practice-based research network with 291 participating physicians in 179 offices located in 71 Iowa counties whose mission is to create new knowledge and improve clinical practice, especially in rural communities.
Methods
Institutional review board approval was obtained for this study. Study design was a faxed/mailed questionnaire. Return of completed questionnaire implied consent.
The one-page, 12-item questionnaire was developed by the researchers and included the following items: use of guaiac-based tests, name of guaiac-based test, number of stool specimens for guaiac-based test requested of patient, use of FIT, name of FIT, number of stool specimens for FIT requested of patient, development of test in office, four knowledge questions, and whether the office has tracking system for the tests. The knowledge questions included sensitivity and specificity for cancer by FIT, dietary and medication restrictions warranted for FIT, and the component of hemoglobin molecule used for conducting FIT. The questionnaire was piloted by five Department of Family Medicine research faculty.
A cover letter and questionnaire were faxed to the 291 IRENE physician members in June 2012. Two weeks later, a duplicate cover letter and questionnaire were faxed to the nonresponders. Two weeks after that, the cover letter, questionnaire, and a postage-paid return envelope were mailed to nonresponders. Each questionnaire had an identification number to document returned questionnaires. Potential subjects were advised that participation was voluntary and that they could opt out of the study by returning a blank questionnaire by fax or in the postage-paid return envelope.
Data Analysis
To test for significant differences between responders and nonresponders, gender and office location (metro/nonmetro) were compared by using Pearson chi-square tests, and age was compared using a two-tailed independent samples t test.
The distributions of answers to each of the four completed knowledge questions were independently compared by whether a physician worked in a metro or nonmetro area and by whether or not a physician utilized FITs. Physicians not using any fecal occult blood tests, those not reporting using FITs, and those listing a guaiac test as a FIT were grouped together as not using FITs. A physician could answer a knowledge question with "true," "false," or "don't know," but for the comparisons, "false" and "don't know" were collapsed into one category, making the response to each question a dichotomous variable. Age and sex were considered potential confounders of the relationship between knowledge question response and office location or FIT use, so logistic regression was used to determine if models containing both of the potential confounders had appreciably changed odds ratios for the relationships between question response and office location or FIT use, as compared to models without them. No evidence was found to consider age or sex confounders, and there was no indication that fitting multiple regression models with both office location and FIT use as covariates would be useful for interpretation, so comparisons were simplified to eight Pearson chi-square tests. The Bonferroni correction was used to account for the multiple testing that resulted from these comparisons.
As with most questionnaires, not every participant provided answers to all questions, so for the proportions used to describe the sample's responses, any missing data was removed from the denominator used for calculation and none of the questions utilized to calculate these proportions had more than seven missing responses (mean 3.9 missing responses per question). All tests were evaluated for significance at α00.05 unless otherwise noted.
Results
Of 291 questionnaires sent, 107 usable questionnaires were returned, a 37 % return rate. Seventy (24 %) were returned after the first fax, 11 (4 %) were returned after the second fax, and 31 (11 %) were returned by mail. Participants' mean age was 55 years with an age range of 32 to 78 years, with 78 (73 %) male responders. Fifty-two (49 %) of the physician's offices were in a nonmetro area.
Comparing the IRENE nonresponders (n0184) to responders (n0107) showed no significant differences by gender (p00.547, nonresponders 70 % male, responders 73 % male) or office location (p00.759, nonresponders 47 % nonmetro, responders 49 % nonmetro). Mean age of responders was 55.33 years (95 % CI 53.69 to 56.96) and significantly different (p<0.001) from nonresponders who had a mean age of 51.07 years (95 % CI 49.73 to 52.40).
Fifty-one (49 %) reported using guaiac-based tests, one physician was unsure. One physician reported requesting one stool sample and 48 (98 % Thirty-nine (39 %) reported using FITs, and three physicians were unsure. Twenty-two (58 %) physicians reported requesting one stool sample, 5 (13 %) reported requesting two stool samples, and 11 (29 %) reported requesting three stool samples. The FITs used were described as Check OC Polymedco, Colocare Helena Laboratories, HemaScreen Immunostics, Hemasure, Hemoccult ICT, Hemoccult II SENSA, Quidel iFOB, Insure, and QuickVue Quidel. The most commonly used test was the Polymedco FIT, by six physicians. Nine did not list the type of FIT used.
Seventeen (16 %) reported not using either a guaiacbased test or FIT in their office, 9 (8 %) reported using or not using one type but did not provide a response regarding the other, 84 (79 %) reported using at least one type, and 6 (6 %) physicians reported using both types. Of those six, two physicians reported both a guaiac-based and FIT name; two listed only a guaiac-based test; one listed a guaiac-based test for both categories; and one listed no guaiac-based test and listed a guaiac-based test for the FIT name.
Seventy-eight (77 %) of the physicians reported that the fecal occult blood test is developed in their office. Forty (39 %) indicated that they have a system in place to track which patients are given a fecal occult blood test and if they complete the test annually.
Seventy-one (68 %) of the physicians correctly stated that dietary restriction is not necessary in preparation for collecting a FIT stool sample. Many physicians were unsure of the answers for the FIT knowledge questions (see Table 1 ). By comparing the group of 39 (36 %) physicians classified as using FITs with those 68 (64 %) physicians who were not, significant differences (α00.0125) in knowledge about the FIT were found (see Table 2 ). Those physicians using FITs correctly answered the questions about increased sensitivity/ specificity and dietary and medication restrictions more often than those not using FIT. No knowledge difference was noted between the groups regarding the heme and globin component for determining occult blood differences in guaiac-based tests and FITs.
By comparing the group of 55 (51 %) physicians classified as having an office in the metro area with those 52 (49 %) physicians who had an office in the nonmetro areas, significant difference (α00.0125) in knowledge about the FIT was found (see Table 3 ).
Discussion
In this study of family physicians in Iowa, of the 84 physicians using fecal occult blood tests, more than half still use a guaiac-based test. Thirty-nine percent of the responding physicians used FIT, compared to only 9 % reporting FIT use in the 2006-2007 National Survey of Primary Care Physicians' Recommendation and Practices for Breast, Cervical, Colorectal, and Lung Cancer Screening [12] . Physicians using a guaiac-based test or not using any fecal occult blood tests were not current with FIT information, which may indicate why they have not transitioned to the newer fecal occult blood test. Physicians in large medical centers have pathology laboratories and the expertise of pathologists to guide them in their use of fecal occult blood tests, whereas physicians in solo or rural practices may not have that added expertise and advice.
Fecal occult blood test product names are confusing. Physician responses describing the product names were diverse and unclear, as some gave the manufacturer's name and no product name or referred to the test as a guaiac test. As noted, 22 physicians did not list the name of their fecal occult blood test and several did not know what type or brand of fecal occult blood test is used in their office. It is presumed that physicians should know all the different types of tests conducted in their office and their corresponding test characteristics.
Noted in the response list of guaiac-based tests was a FIT; and the FIT list included guaiac-based tests. The main products being used by the responding physicians were from Beckman Coulter Company, which has provided fecal occult blood tests for more than 40 years. An initial Beckman Coulter product was the Hemoccult test, which was superseded by the Hemoccult II SENSA, an enhanced Hemoccult product that provides improved readability and higher clinical sensitivity. Beckman Coulter also provides a FIT called Hemoccult ICT.
There are several limitations to this study, including a low response rate. All physicians were part of the Iowa Research Network, limiting the geographic area surveyed. The cost of the two types of fecal occult blood tests was not addressed. FITs cost more to purchase than guaiacbased tests. For example, for a recent pilot study 20 liquid-vial FITs and testing cassettes were purchased at $333, while 20 dry-slide cards and test cassettes were purchased for $132. In addition, a patient's postage expense to return a liquid-vial test is four times that of a dry-slide card.
Another limitation is that the type of FIT used, either manual or automated, was not asked of the physicians. In larger medical centers, FITs can be analyzed by a machine, compared to being manually read by a healthcare provider. In addition, physicians were not asked which type of guaiac-based test, dry-slide or test pad in the toilet, was used. Most guaiac-based tests are read in the office after pouring the test solution on the paper, but others are read by the patient after placing the test pad in the toilet water after defecation. Two physicians did report using the test pad in the toilet, which is not approved by the American Cancer Society, as scientific evidence of its accuracy has not been documented [4] .
In conclusion, FIT use is not widespread in IRENE physician offices, and not all physicians are aware of the type of fecal occult blood test being conducted in their office. However, through a research infrastructure grant award, education sessions have been provided to blinded office staff regarding the newer fecal occult blood tests. 
